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ABSTRACT Two porcine deltacoronavirus (PDCoV) strains, named DH1/2016 and DH2/ 
2016, were isolated from feces of piglets which had severe watery diarrhea symptoms. A 
comparison of the complete genome sequences suggested that the DH1/2016 and 
DH2/2016 strains are highly homologous to each other and to PDCoVs isolated in early 
2014 from the United States. 

P orcine deltacoronaviruses (PDCoVs) belong to the Deltacoronavirus genus of the 
Coronaviridae family (1). Challenging experiments in piglets with PDCoV (2) resulted 
in clinical symptoms similar to those of porcine epidemic diarrhea (PED). Until now, 
PDCoVs were reported in many countries, including Hong Kong, China, the United 
States, and Thailand (3-7). In South Korea, PDCoV KNU14-04 and SL strains (SL2 and 
SL5) had been detected in 2014 and 2015, respectively (6, 7). In this study, further 
complete genome sequences of the viruses isolated in 2016 were sequenced, which 
aimed to provide more material for the molecular analyses of PDCoVs all over the 
world, including in South Korea. 

From May 2015 to July 2016, for diagnosis of enteric viral diseases, 687 diarrhea 
clinical samples (including feces and small intestines) from 9 provinces were sent to the 
Department of Veterinary Medicine Virology Laboratory, Seoul National University. 
Total RNA was extracted by using the viral RNA minikit (Qiagen Ltd., Manchester, United 
Kingdom), according to the manufacturer's instructions. The RNA was then converted 
into cDNA with the use of random hexamers and the commercial Moloney murine 
leukemia virus (M-MLV) reverse transcriptase kit (Invitrogen, USA), according to the 
manufacturer's protocol. Among 687 tested samples, only 5 fecal samples from Kyunggi 
Province (120-sow DH farm) on 5 April 2016 were PDCoV positive, but porcine epidemic 
diarrhea virus (PEDV), transmissible gastroenteritis coronavirus (TGEV), group A rotavi¬ 
rus, and kobuvirus were not detected. Retrospective investigation revealed that the 
pigs of all ages at the DH farm showed clinical symptoms of severe diarrhea, with 
mortality rates of 60% in suckling piglets and 10% in sows. 

The full-length genome was sequenced by a primer walking method, which utilized 
26 overlapping primer pairs (8). The specific PCR products were purified by using the 
gel extraction method and further processed forTA cloning and transformation (9). Two 
full-length genomes of the DH farm PDCoVs (DH1/2016 and DH2/2016) were charac¬ 
terized. The lengths of the two complete genomes were 25,422 nucleotides (nt), and 
they were 100% homologous to each other. The genomic organization of the DH/2016 



Check for 
updates 


Received 20 December 2016 Accepted 7 

March 2017 Published 4 May 2017 

Citation Chung FH-C, Nguyen VG, Oh W-T, My 
Le FIT, Moon FH-J, Lee J-H, Kim FH-K, Park S-J, Park 
BK. 2017. Complete genome seguences of 
porcine deltacoronavirus strains DH 1/2016 and 
DH2/2016 isolated in South Korea. Genome 
Announc 5:e01706-16. https://doi.org/10d 128/ 
genomeA.01706-16. 

Copyright © 2017 Chung et al. This is an open- 
access article distributed under the terms of 
the Creative Commons Attribution 4.0 
International license. 

Address correspondence to Bong Kyun Park, 
parkx026@snu.ac.kr. 

H.-C.C., V.G.N., and W.-T.O. contributed equally 
to this work. 


Volume 5 Issue 18 e01706-16 


gen>»me/\ nnouncements 


genomea.asm.org 1 


Downloaded from http://genomea.asm.org/ on June 6, 2017 by guest 





Chung et al. 


gen^me/^ nnouncements ’'*' 


strains was similar to that of the previously described strain KOR/KNU14-04/2014 
(GenBank accession no. KM820765) (7). The full-length genome of DH/2016 strains had 
very high nucleotide (99.7%) and amino acid identities (99.5%) compared to the 
KNU14-04 strain of PDCoV. In particular, open reading frame 1 a/1 b (19 amino acids [aa]) 
and nucleocapsid (2 aa) gene substitutions at the amino acid level were observed. 

According to a phylogenetic analysis based on the full-length PDCoV genomes of 65 
isolates available in GenBank, the DH/2016 strains belong to a strain identified in 2014 
by the U.S. groups separated from PDCoVs reported in both China and the United 
States. In comparison to the complete genome sequence of the viruses isolated in 
China (GenBank accession numbers JQ065042 and JQ065043) and the United States 
(GenBank accession numbers KJ462462, KJ481931, KJ567050, KJ569769, KJ601777, 
KJ601778, KJ601779, and KJ601780), the DH/2016 strains were also highly similar (98.8 
to 99.0% and 99.6 to 99.8%, respectively). 

In conclusion, our study contributed to the collection of the complete genome 
sequences of PDCoVs, which might be useful for molecular analyses of the virus. 

Accession number(s). The complete genome sequences (DH1/2016 and DH2/2016) 
have been deposited to GenBank under the accession numbers KY354363 and 
KY354364. 

ACKNOWLEDGMENTS 

We thank Hye Jung Yang and Jung Ah Kim for excellent technical assistance. 

This study was supported by the BioGreen 21 Program, Rural Development Admin¬ 
istration (grant no. PJ011184). 


REFERENCES 

1. Alonso C, Goede DP, Morrison RB, Davies PR, Rovira A, Marthaler DG, 
Torremorell M. 2014. Evidence of infectivity of airborne porcine epidemic 
diarrhea virus and detection of airborne viral RNA at long distances from 
infected herds. Vet Res 45:73. https://doi.Org/10.1186/si 3567-014-0073-z. 

2. Jung K, Hu H, Eyerly B, Lu Z, Chepngeno J, Saif LJ. 2015. Pathogenicity of 
2 porcine deltacoronavirus strains in gnotobiotic pigs. Emerg Infect Dis 
21:650-654. https://doi.org/10.3201/eid2104.141859. 

3. Hu H, Jung K, Vlasova AN, Chepngeno J, Lu Z, Wang Q, Saif LJ. 2015. 
Isolation and characterization of porcine deltacoronavirus from pigs with 
diarrhea in the United States. J Clin Microbiol 53:1537-1548. https://doi 
.org/10.1128/JCM.00031-15. 

4. Janetanakit T, Lumyai M, Bunpapong N, Boonyapisitsopa S, Chaiyawong 
S, Nonthabenjawan N, Kesdaengsakonwut S, Amonsin A. 2016. Porcine 
deltacoronavirus, Thailand, 2015. Emerg Infect Dis 22:757-759. https://doi 
.org/10.3201 /eid2204.151852. 

5. Lau SK, Woo PC, Yip CC, Fan RY, Huang Y, Wang M, Guo R, Lam CS, Tsang 
AK, Lai KK, Chan KH, Che XY, Zheng BJ, Yuen KY. 2012. Isolation and 
characterization of a novel betacoronavirus subgroup A coronavirus, 


rabbit coronavirus HKU14, from domestic rabbits. J Virol 86:5481-5496. 
https://d 0 i. 0 rg/l 0.1128/JVI.06927-11 . 

6. Lee JH, Chung HC, Nguyen VG, Moon HJ, Kim HK, Park SJ, Lee CH, Lee GE, 
Park BK. 2016. Detection and phylogenetic analysis of porcine deltacoro¬ 
navirus in Korean swine farms, 2015. Transbound Emerg Dis 63:248-252. 
https://doi.Org/10.1111/tbed.12490. 

7. Lee S, Lee C. 2014. Complete genome characterization of Korean porcine 
deltacoronavirus strain KOR/KNU14-04/2014. Genome Announc 2(6): 
eOl 191-14. https://doi.Org/10.1128/genomeA.O1191-14. 

8. Lorsirigool A, Saeng-chuto K, Temeeyasen G, Madapong A, Tripipat T, 
Wegner M, Tuntituvanont A, Intrakamhaeng M, Nilubol D. 2016. The first 
detection and full-length genome sequence of porcine deltacoronavirus 
isolated in Lao PDR. Arch Virol 161:2909-2911. https://doi.org/10.1007/ 
S00705-016-2983-8. 

9. Kim AR, Chung HC, Kim HK, Kim EO, Nguyen VG, Choi MG, Yang HJ, Kim 
JA, Park BK. 2014. Characterization of a complete genome of a circular 
single-stranded DNA virus from porcine stools in Korea. Virus Genes 
48:81 -88. https://doi.org/! 0.1007/si 1262-013-1003-2. 


Volume 5 Issue 18 e01706-16 


genomea.asm.org 2 


Downloaded from http://genomea.asm.org/ on June 6, 2017 by guest 


